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ABSTRACT:  A  nevi  oxidative  procedure  wherein  the  methyl  group 
in  substituted  trinitrotoluene  derivatives  is  replaced  by 
hydroxyl  has  been  applied  to  the  prep:-ration  of  the  title  com¬ 
pound,  a  new  thermally  stable  high  explosive.  The  six-step 
synthesis  Involved  the  sequence:  m-bromotoluene  to  bromotrinl- 
trotoluene  to  diraethylhexanitrobiphenyl  to  dlplcric  acid  to 
dlpyrldlnium  dlpicrate  to  dlchlorohexanltrobiphenyl  to  DIPAM. 
"Ihe  overall  yield  was  J>9,5%.  DIPAM  appears  to  have  attractive 
potentialities  for  high  temperature  mild  detonating  fuse  and 
similar  applications.  (C) 
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This  i-eporL  descrlbss  preparation  of  600  grauns  of  a  new 
thermally  stable  high  e3cplosiv^j^1i^liiclf ‘illay  he  useful  In  mild 
detonating  fuse  for  stage  separation  in  advanced  POLARIS 
missiles. A  The  work  was  started  under  Task  1*11-44,  but  as  the 
potential ’applications  became  apparent  it  was  transferred  to 
RUME  5EOI7.  The  newly-discovered  reaction  described  in 
NOLTR  62-72  furnished  basis  for  this  synthesis. 
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INTRODUCTION 

We  have  reported  (1)  that  oxidations  of  TNT  and  3-substi- 
tuted  2,4,6-trlnltrotoluene  derivatives  with  mixtures  of 
dichromate,  nitric  acid  and  sulfuric  acid  generally  effected 
their  conversion  to  the  correspondingly  aubstltuted  trinltro- 
phenols.  In  the  case  of  3# 3'-cllmethyl-2,2',4,4',6,6'-hexanl- 
t^obiphenyl  (I),  the  main  product  was  3. 3'-dlhydroxy-2,2',4^ii 
6, 6* -hexanltroblphenyl  (dipicrlc  acid,  DIPA,  li)  rather  than 
the  3i  3 '-dicarboxj^lic  acid  as  earlier  workers  had  suggested  (2). 


CII3  NO2  NO2  CH3 


HO  NOp  NO2  CH 


Na2Cr207  ^  / 

HNC3,H2S04^ 


NOg  NOg 

II,  DIPA 


Although  DIPA  has  long  been  known,  a  number  of  investiga¬ 
tors  having  reported  its  preparation  by  the  mixed-acid  nitra¬ 
tion  of  3» 3 ' “dihydroxyblphenyl  (3),  the  novel  dlchromate 
oxidation  provided  for  the  first  time  a  convenient  method  for 
its  synthesis.  With  its  availability  in  moderate  quantities, 
DIPA  merited  consideration  per  ^  as  a  candidate  for  high- 
temperature  booster  explosive  applications  (l)  but  of  greater 
immediate  interest  was  its  potential  as  an  intermediate  for 
further  synthesis. 

Treatment  of  the  dipyrldlnlum  salt  with  phosphorus 
oxychloride,  a  procedure  which  has  been  reported  to  effect  the 
high-yield  tranfonnatlon  of  picric  acid  to  plcryl  chloride  (4) 
and  styphnlc  acid  to  styphnyl  chloride  (5),  afforded  a  conven¬ 
ient  method  for  the  conversion  of  II  to  3,3'-dlchloro-2,2', 
4,4',6,6'-hexanltroblphenyl  (dlplcryl  chloride,  DIPICL,  III). 
DIPICL,  with  ethanollc  ammonia,  was  readily  converted  to  3,3'- 
dlamlno-2,2’,4,4',6,6'-hexanltroblphenyl  (diplcramlde,  DIPAM, 
IV),  the  subject  of  the  present  report. 
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Cl  KOo  K0,3  Cl 
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NO,^  NO2 
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Np2  lytp 


N’ll 

V 
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NOp 


IV,  DIP  AM 


Shortly  after  the  first  preparation  of  DIPAM,  there  came 
to  our  attention  an  urgent  requirement  for  a  thermally  stable 
high  explosive  which  was  relatively  non-volatile  at  advanced 
temperatures  and  reduced  pressures  and  which  would  propagate 
detonation  in  relatively  small  diameters,  this  material  to  be 
used  in  mild  detonating  fuse  (MDF)  for  stage  separation  in 
advanced  POLARIS  missiles.  Preliminary  experiments  in  our 
laboratories,  vide  infra,  indicated  that  our  new  product  might 
satisfy  the  former  requirement ;  from  its  chemical  similarity  to 
plcramlde'*,  we  felt  it  might  prove  adequate  In  the  latter 
regard.  For  this  reason  we  undertook  the  preparation  of  over 
six  hundred  grams  of  DIPAM  for  evaluation  both  at  NOL  and  in 
the  laboratories  of  Lockheed  Aircraft  Coirporatlon. 


DISCUSSION 

From  commercially  available  m-bromotoluene,  the  synthesis 
of  DIPAM  Involves  the  six-step  sequence:  m-bromotoluene - (a 
3-bromo-2,^, 6- trinitrotoluene  -(b)— ^I  -(c)->DIPA  -(d)— ^ 
dlpyridlnlum  salt  of  DIPA  -(e)-^DIPICL  -( f )  ->DIPAM. 

a)  m-Bromotoluene  to  3~BroniO-2,4,6-trinitrotoluene.- 

3-Br-CgH^-CHj  HNO3.  KgSOj^^  3-Br-2, A, 6-(N02),CgH-CH^ 


•  For  a  chemically  related  series  of  amlnonltrobenzenes  the 
following  failure  diameters  have  been  reported:  TATD,  1.3  cmj 
DATE,  0.53  cm;  plcramlde,  0.3  cm  (6).  This  is  the  only  inves¬ 
tigation  of  w^^lch  we  are  aware  in  which  variation  of  an^' 
detonation  parameter  with  regularly  changing  chemical  structure 
was  ever  studied.  We  cannot  overemphasize  the  value  of  the 
results  of  such  an  approach  to  the  synthetic  chemist. 
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rr.-Bromo toluene  aiay  be  made  by  reactions  desjrlbed  In 
"Organic  Syntheses"  (7J:  p-toluldine  — >p-acetotoluluIle  V*- 
acetylimlno-^-bromo toluene  >*Uainino-5-bromotoluene  -»  m-bromo- 
toii:ene.  Its  laboratory  price,  ill. 00  per  hundred  r-’amu  (8). 
js  undoubtedly  more  a  reflection  of  demand  than  of  cost  in 
manufac  ture . 


The  heat  literature  method  for  the  preparation  of  j^-bromo- 
2, 4, 6- trinitrotoluene  (9,  10)  Involved  a  two-step  nitration  with 
separation  of  the  intermediate  5-bromo-4, 6-dlnitrotolusne .  We 
have  found  that  the  trlnltratlon  may  conveniently  be  carried  out 
In  a  single  operation  and  in  excellent  yield  by  using  an  essen¬ 
tially  anhydrous  nitric  acid  -  sulfuric  acid  mixture  and  by 
holding  the  reaction  mixture  at  about  55^'  for  several  hours 
before  heating  to  reflux  for  several  hours.  The  product  pre- 
ci-pltates  directly  on  cooling  the  reaction  mixture;  the  work-up 
Involves  simply  drowning  In  excess  Ice. 


Prior  to  the  DIPAM  program,  preliminary  trials  on  0.04, 
0.1,  0.2  and  0.6  mole  scales  had  resulted  In  yields  of  crude 
product  ranging  from  92  to  96}^.  Acetone  was  a  satisfactory 
recrystalllzatlon  solvent;  yields  of  re  crystal  31.  zed  bromotrlnl- 
trotoluene  were  84-88^. 


In  the  present  program  three  preparations  were  carried  out 
on  a  1.2  mole  scale  and  a  final  preparation  using  ?.5  moles. 

In  the  latter  Instance  the  total  reactant  volume  was  J.T-T'.S 
liters.  Prom  1,238  g  of  m-bromotoluene,  I9OO  g  (8^)  of  pure 
brcmotrlnitrotoluene  was  carried  over  to  the  next  step.  An 
additional  30-IOO  g  might  have  been  recovered  by  further  work¬ 
up  of  mother  liquors. 


b)  3-Bromo-2,4, 6-trlnltrotoluene  to  J>, 3’ -Dimethyl -2,2',4,4', 
6: -Hexa-nTlro(?lpHe'nV^~~ -  - 


3-Br-2,4,6  {M02)-,CgH-CH, 


3-CH5-2,4,6-(N02),,C^H-]^ 


Por  Initial  experiments  In  the  Ullmann  reaction  the  proce¬ 
dure  of  Bock,  Moyer  ard  Adams  (2)  was  followed  exactly.  This 
involved  reacting  the  bromotrlnltrotoluene  with  activated 
copper  In  purified  nitrobenzene  at  I75-I830.  To  obtain  a 
decently  crystalline  product  It  was  necessary  to  remove  the 
major’  proportion  of  the  solvent  by  stoair.  distillation,  thlo 
being  the  moot  tedious  and  time-consuming  part  of  the  opontlon . 
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In  subsequent  trlalb  it  was  found  that  the  relative 
quantities  of  nitrobenzene  and  copper  could  be  x'educed  substan¬ 
tially  ’With  consequent  shortening:  of  the  steam  distillation  and 
i.u  appaieiiL  111  effectc  on  yields.  The  product  separated  as  a 
Mick  seni-crystalllne  solid  in  the  pot-residue  from  the  steam 
distillation.  For  preliminary  purification  this  material  was 
tii.en  u:,  ir  hot  loctone,  decolorized  ’rflth  charcoal  and  the 
acetone* removed.  A  further  recrystalilzatlon  from  acetone- 
icctic  acid  gave  a  product  Sifflciently  pure  for  the  next  step. 

One  reaction  was  carried  out  on  a  0.35  mole,  four  reac¬ 
tions  on  0.7-0. 8  mole  and  two  reactions  on  1.44  mole  scales*. 
Yields  of  purified  dlmethylhexanltroblphenyl  ranged  from  70  to 
8156.  From  1,900  g  of  bromotrinitro toluene,  1,077  g  (775^)  of 
dlmethylhexanltroblphenyl  was  carried  over  to  the  next  step. 

c)  3i j^'-Piinethyl-2,2*.4,4*,6,6*-hexanltroblphenyl  to  Dipicric 
Aclo.- 

,  _  Na2Cr207  .  _ 

[?  -CH.-a,  t [3-H0-2,<l,6-(ll0g),C6H-]  p 

This  reaction  has  been  discussed  in  detail  in  reference  1 
In  the  course  of  the  present  program  five  preparations  were 
carried  out  using  essentially  identical  conditions.  Xaprovementa 
in  yield  from  55  to  8o^  were  achieved  by  varying  dichrooate  con¬ 
centrations,  Syntheses  were  carried  out  on  0.12,  0.27  and 
u. 33-0. 61  mole  scales.  Reactant  volumes  in  the  larger-scale 
experiments  were  4. 0-4. 2  liters  and  12-15  liters  of  reactor 
capacity  were  required  for  the  drowning. 

Although  pure  DIPA  melts  at  311-312®  (dec),  material 
Kieltlng  above  300®  was  deemed  satisfactory  for  subsequent 
operations,  vide  infra.  Prom  1,075  g  of  dlmethylhexanitrobl- 
phenyl,  817  g  (75/t)'  o'f  dipicric  acid  was  carried  over  to  the 
next  step  . 

a)  Dipicric  Acid  to  Dlpyrldinium  Dipicrate,- 
l3-H0-2,a,6-(N02),CgH-]2  ■  HeOH >  3-ff-8,lt,6-(M0g)5C6H-]g 


Mn  the  large-scale  preparations  total  reactant  volume  was -1,5 
liters.  A  five  liter  flask  was  required  for  the  steairi 
distillation . 
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Tie  aalt  precipitated  Inanediately  on  addition  of  pyridine 
to  a  methancllc  aolutlon  of  DIPA,  The  reaction  mixture  was 
chilled  and  filtered  and  the  product  was  washed  with  ether  and 
aricd .  When  mire  DIPA  was  used  and  the  mothux*  IImuox'S  woi-ked 
up,  the  yield  was  close  to  quantitative.  With  DIPA  prepared 
as  In  (c),  however,  a  first  crop  of  hl^-grade  dlpyrldinlum 
dlplcratf  was  obtained  In  about  S0%  yield,  hut  additional 
i.natf'.- ir.  1  recovered  from  mother  liquors  was  of  very  much  lower 
purity.  It  was  considered  that  losses  in  attempting:  to 
further  purify  the  dlplcrlc  acid  would  more  than  offset  this  10% 
decrease  In  yield*. 

Reactions  were  carried  out  on  a  0.,35  mole  scale  and  the 
reactant  volume  was  ca  17  liters.  From  772.5  £  of  DIPA,  914  g 
{69%)  of  dlpyrldinlum  dlplcrate  was  carried  over  to  the  next  step. 

e)  Dlpyridinium  Dlpicrate  to  Dlpieryl  Chloride. - 

rc^K.3NH'  >?T-2,4,6-(N02)3C6H-l2  - >[>Cl-2,4,6-(N02)3C6H-j2 

ihe  dlpyridinium  aalt  was  converted  to  DIPICL  in  virtually 
quantitative  yield  by  adding  to  an  excess  of  phosphorus  oxy¬ 
chloride,  heating  on  the  steam  bath,  allowing  to  cool  and 
drowning.  Ihc  method  of  drowning  is  critical  and  requires 
extreme  caution.  If  the  reaction  mixture  Is  added  to  ice  or  an 
ice-water  mixture  the  reaction  is  initially  quite  slow,  but  as 
the  ice  melts  it  becomes  more  rapid  and  undergoes  autoacceler¬ 
ation.  Ihis  has,  on  one  occasion,  led  to  boiling  and  splattering 
in  the  mixture. 

The  preferred  method  was  to  aid  the  reaction  mixture  slowly 
to  water  with  vigorous  agitation,  adding  ice  as  necessary  to 
keep  the  temperature  at  jJO*.  For  a  typical  reaction  on  a  0.25 
mole  scale  this  required  jJ-4  liters  of  ice  and  watex*. 

For  purification  the  crude  DIPICL  was  washed  with  water, 
then  stirred  with  hot  methanol  in  which  it  la  only  very  slightly 
soluble  and  filtered.  From  914  g  dlpyrldinlum  salt  there  was 
obtained  7?o  g  (995)  of  DIPICL. 


•  The  main  ’.mpurity  in  the  DIPA  appears  to  be  monohydroxy- 
hexanitrobiphenyl  (m-plcrylpicrlc  acid,  .  PtPA ) . 
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•  )  Dip j cry  1  Ohloride  to  Dlplcramide, -  . 


p-7  T  ' 


'  .wJI  ^3* 
i  2  iTRjjr 


|'3-?nr2-2.^.6-(N02),c^K;3  2 


Neither  DIPICL  nor  DIP AM  Is  soluble  in  cold  ethanol.  When 
DIPICL  was  added  portionwise  to  sat,v:rated  cunmonlacal  ethanol 
it  10-,  }n.>wuvui-,  it  dissolved  completely  to  give  a  deep-red 
solution.  If  this  solution  was  slowly  heated  to  the  r-aflux 
and  the  ammonia  allowed  to  boll  out.  It  lightened  In  color  and 
DIPAM  be^^an  to  precipitate.  Distilling  off  a  portion  of  the 
othanoi,  chilling,  filtering  and  washing  with  ethanol  resulted 
In  a  95-965^  yield  of  DIPAM,  m.  p.  296-8°. 


We  Inteipret  this  behavior  as  being  due  to  immediate  con¬ 
version  of  DIPICL  to  DIPAM  whose  amine  lijdrogens  are  suffi¬ 
ciently  acidic  that  the  material  will  form  a  soluble  salt  with 
excess  ammonia' .  As  the  ammonia  bolls  out  the  equilibrium  is 
drawn  to  the  left  and  DIPAM  precipitates. 


NH2-C12H2N5O12-NH2  ^ — ►  NH4'*'  RJI-Ci2K2**6012“^ 

The  reaction  on  a  0.45  mole  scale  Involved  2. 7-2. 8  liters 
of  reactant  volume.  From  729  g  DIPICL  there  was  obtained  645  E 
(95.7^)  of  DIPAM  which  may  be  sufficiently  pure  for  the  intend¬ 
ed  application. 

For  evaluation  purposes,  however.  It  was  deemed  desirable 
to  supply  the  purest  material  obtainable.  A  variety  of 
solvents  were  tried  for  recrystalllzatlon;  an  acetone-ethanol 
pair  was  found  least  inconvenient.  To  dissolve  200  g  of  crude 
DIPAM,  7,500  ml  of  acetone  was  required  and  4,000  ml  of  abso¬ 
lute  alcohol  was  added  during  the  process  of  concentration.  A 
total  of  599  e  (90^)  of  pure  DIPA^:,  m.  p.  2p8-299°(dec)  was 
obtained  together  v;ith  a  further  19.5  g  m.  p.  295-296° 

(dec). 

The  overall  yield  for  the  six  steps  from  m-bromotoluer.'*  to 
pure  DirA*’*  Waii 


i^'or  comparison,  plcramlde  has  a  pK^  of  12.25  (11). 
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Properties  of  riPAr-l 

Molecular  Formula:  ^5^^.1 

Melting  Point:  298-299°  (dec). 

Oxidant  Balanco  (12):  OBtqq  =  -l..?2  (balanced  sli{-htly 

belov;  CO  level). 

Heat  of  Formation:  The  heat  of  forma<-ion  of  plcramlde  has 
been  L e rm  1  ii eH  e v-r. er  1  nier tally  (1?),  *11^  -  -20. 1  Kcai/moie,  tsy 

addiiii  and  subtracting  appropriate  bond* and  standardization 
encigles,  CIPAM  is  computed  to  have  ',K^  =  -27.6  Kcal/mole.  In 
the  v-'ornputatlon  it  Is  assumed  that,  as  seems  reasonable,  there 
l£  no  Inter  ictlon  between  the  rings  and  that  DIPAM  has  twice 
the  heat  of  sublimation  of  picramide. 

Heat  of  Detonation;  Using  the  HgO,  CO,  CO2  arbitrary  In 

calculation,  DIPAM  i.*'  computed  to  nave  a  heat  of  detonation  of 
334.4  .<<cai/mole  or  845  cal/g.  If  the  [2  CO  ■  CO2  ♦  C] equilib¬ 
rium  is  taken  into  account,  the  values  are  somewhat  higher. 

Crystal  Den3i~...v;  1.79  G/cc. 

Inyact  Sensitivity;  152  cm.  O'*  0.25.  Detemlned  on  an 
EhL  nucnlne  as  modiriea  at  MOL  using  type  12  tools.  On  this 
machine  TOT  has  .a  50^  lnn)act  height  of  I60  cm;  Comp.  A,  70  cm; 
Tetryl,  52  cm;  RDX,  24  cm;  PETN,  12  cm. 

Vacuum  Thermal  Stability; 

At  230°C.  gas  evolved  ■  0.5  cc  per  g  per  hr  (6  hr  period 

At  245®C.  gas  evolved  ■  0.5  cc  per  g  per  hr  2  hr  period 

At  260°C.  gas  evolved  •  5.5  cc  per  g  per  hr  (2  hr  period 


5.5  cc  per  g  per  hr 


6  hr  period). 
2  hr  period,  . 
2  hr  period). 


Voldtility  Studies;  A  weighed  sample  of  the  explosive  was 
held  in  an  evacuated  A^erhalden  drying  apparatus  over  boiling 
nitrobenzene  (ca.  210^)  and  the  lose  in  weight  due  to  eubllma- 
tlon  or  other  causes  was  determined  after  a  thirty  minute 
interval.  Results  for  DIPAK  and  other  thermally  stable  explo- 
alvee  arc  as  follows  (compound,  pressure,  %  weight  loss);  DIPAM, 
1.0  mm.  nil;  TNTACOT,  1.0  mm,  0;^;  TATB,  1.0  twn,  1.1^;  DIPXCL, 
1.0  mm,  2.^%;  DATS,  2.5  mn,  35.89*;  hexanitrostllbene,  0.0  mm, 
nil;  KHND,  0.6  mR.  nil;  nonai>ltpote*'?henyl ,  0.8  mm, 
h'iAanitrobipncnyl,  0.5  inm,  0.4%.  it  should  be  appreciated  that 
these  were  crude  measurements  and  that  pressure  values  re<td 
fror^  a  McLoed  gauge  near  the  pump  do  not  accurately  describe 
pprcpures  above  *ho  sample. 
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EXPERIMENTAL 


.''-Ei‘orao-2,4-  0-lx-ii lit toluene,  - 

To  j.  well -stirred  mlxtui'e  of  1500  ml  30515  oleum  and  l800  ml 
905i  nitric  acid  at  53®  was  added  dropwise  over  a  fifty  minute 
period  3H6  ,0:  (5.‘0  moles)  m-bromotoluene  {8).  The  resultln/c 
elHrir-  orifige  ao.lutlon  was  Stirred  an  additional  seventy-five 
.Tiinutes  at  53® j  then  heated  to  the  reflux.  A  mildly  exothermic 
reaction  which  was  self-sustaining  for  about  fifteen  minutes 
ensued.  The  solution  was  held  at  the  reflux  for  a  total  of  two 
hours,  then  allowed  to  cool  slowly  with  vigorous  agitation*. 

The  cooled  reaction  mixture  was  drowned  with  stirring  in 
5000  ml  ice-water,  filtered  and  the  filter  cake  washed  with 
3000  ml  water  and  air-dried  overnight  to  y^eld  985  g  {93^)  cinide 
bromotrlnltrotoluene ,  m.  p.  13^-137®.  A  single  recrystalllza- 
tion  from  4000  ral  acetone  furnished  three  crops,  totalling  898  g 
m.  p.  142-144°  and  a  further  crop,  30  g,  m.  p.  141-143°.  The 
yield  of  recrystallized  material  was  8^. 

' , '  -Dime thy  1-2, 2 *  ,4,4  * , 6,G* -hexanitrobiphenyl. - 

Materials;  44o  g  (1.44  mole)  bromotrlnltrotoluene 
280  g  copper  dust"* 

500  ml  dry  redistilled  nitrobenzene 

The  bromotrlnltrotoluene  was  dissolved  in  the  nitrobenzene 
in  a  three-neck  two -liter  flask  fitted  with  a  mechanical  stirrer 
thermometer  and  powder  funnel.  The  solution  was  heated  to  I650 
on  an  oil  bath  and  10  g  of  copper  was  added  with  vigorous 
stirring.  The  temperature  was  slowly  raised  to  185°  and  at  some 


“The  product  begins  to  precipitate  at  about  85®.  There  appears 
to  be  considerable  heat  of  crystallization  and  if  the  solution 
is  allowed  to  become  too  supersaturated  the  exotherm  during  the 
pi-ecipltation  may  cause  local  splattering.  The  addition  of  seed 
■rysta:’r.  effectively  eliminates  tliia  puablblllty. 

**Thc  copper  used  was  electrolytic  dust  from  Fisher  Scientific 
Company.  It  was  activated  by  stlirlng  with  concentrated  hydro- 
•’hlorlc  icid,  filtering,  washing  with  water,  methanol  and  ether 
ind  di’yln^*  in  the  oven. 
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point  between  the  tv;o  temperatures  reaction  started.  The 
copper  was  then  added  over  a  period  of  about  thirty  minutes  In 
Increments  of  about  10  g.  With  each  addition  there  was  a 
slight  exotherm  and  a  temperature  of  184-186°  was  maintained 
with  vciy  little  external  heating  until  about  three-fourths  of 
the  copper  had  been  added,  at  which  time  external  heating  was 
Increasr-d  to  ma.intaln  this  temperature.  The  mixture  was  heated 
^of.i'uout  ten  minutes  after  the  addition  was  complete,  then 
filtei-ou  hot  to  remove  the  gray  Inorganic  salts'^.  The  precipi¬ 
tate  and  reaction  flask  were  thoro\ighly  washed  with  acetone. 


Steam  distillation  to  remove  the  acetone  and  nitrobenzene 
f'l-om  the  reaction  products  required  about  three  hours,  after 
which  time  the  dark  semi-crystalline  residue  was  dissolved  In 
hot  acetone,  treated  with  charcoal  and  filtered.  The  acetone 
was  then  allowed  to  evaporate  leaving  as  a  residue  28o  g  (8^) 
of  crude  product. 


This  Was  taken  up  In  the  minimal  amoiJnt  ol'  boiling  acetone, 
an  equal  quantity  of  acetic  acid  was  added  and  the  mixture 
heated  to  96-97°  on  the  steam  bath  to  i-emove  the  acetone,  then 
cooled  to  50,  filtered  and  the  product  washed  with  ether  and 
dried  in  the  oven  at  70-80°.  There  was  obtained  26o  g 
of  pure  dlm»‘thylhexanltrcblphenyl,  m.  p.  240-241°. 


Dlplcrlc  Acid.  DIPA.- 

To  260  g  (O.^’^b  mole)  dlmethylhexanltroblphenyl  In  a  flve- 

fitted  with  stirrer  and  thenneneter  were 
added  with  stirring  2600  ml  90-1005<  nitric  acid  (no  rise  in 
temperature)  and  tufflclent  of  a  total  of  90!?  ml  30J(  oleum  to 
raise  the  tempera  tux «  to  !?0°  and  to  hold  the  mixture  at  this 
temperature  un.ll  all  or  moat  of  the  dlmethylhexanltroblphenyl 
had  ciaeolved.  The  .emalnlng  oleum  was  then  added  while  cool¬ 
ing  the  mixtu»^  with  an  ice  bath. 

With  cortinued  cooling  to  maintain  the  teD5>erature  at 
about  2?  (not  above  yo^),  750  g  of  ao^lum  dlchromate  dihydrate 
was  added  portlonviee  over  a  several  hour  period  to  the  well- 
etlrred  mixture  which  turned  g.’^enleh-bli  ek  Cooling  was 
necessary  for  an  additional  several  hears,  after  which  tine  the 
mixture  could  be  left  unattended  it  rooei  temperature.  Total 
stirring  time  was  about  25  hours. 


•It  is  undesirable  to  allow  the  reaction  mixture  to  cool  to 
ambient  temperaturec  and  etand  before  filtering.  In  one  caae 
where  the  mixture  stood  ovemignt  before  filtering,  considerable 

of  the  product  had  to  be  recovered  from  the  li.w'  -ganlc  salt  by 
washing  with  hot  acetone.  ^ 
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Crude  dlpicrlc  acid  was  obtained  as  a  yellow  amorphous 
product  by  drowning  the  reaction  mixture  on  about  10  liters  of 
cracked  ice,  allowing  the  precipitate  to  settle-^,  filtering 
through  a  coarse  sintered  glass  funnel  and  washing  the  fj.lter 
cake  with  20^  hydrochloric  acid.  For  preliminary  purification 
this  material  was  digested  with  500  ml  ethanol,  the  solution 
filtered  off  through  a  sintered  glass  funnel,  the  residue 
digested  v.’lth  an  uudltlonal  730-1000  ml  ethanol  and  the  mixture 
again  filtered.  Concentrated  hydrochloric  acid  was  then  added 
to  the  combined  filtrates  until  the  mixture  appeared  to  be 
almost  colorless. 

The  mixture  was  then  chilled,  filtered  and  the  product 
air-dried  for  several  hours  after  which  time  It  still  retained 
considerable  water.  Taking  this  material  up  in  acetone  and 
adding  an  equal  volume  of  benzene  caunel  most  of  the  water  to 
separate  as  a  lower  phase  which  was  removed.  The  organic  phase 
was  then  dried  over  Drlerlte  and  concentrated  to  yield  two 
successive  crops  of  DIPA.  The  first  crop,  washed  with  benzene 
and  then  with  hexane  and  dried  for  24  hrs.  at  60®  1  mm,  weighed 
107  g  and  melted  with  decomposition  at  Jll®.  The  second  crop, 
treated  similarly,  amounted  tc  41  g.  m.  p.  301°  (dec).  The 
total  yield  of  DIPA  was  of  theory. 

Dipyrldlnlum  Dlpicrate.- 

A  solution  was  made  by  dissolving  15O  g  of  dlpicrlc  acid 
In  1500  ml  of  warm  absolute  methanol  then  cooled  to  below  4o°. 
With  vigoi'oue  stirring  Y5  ml  of  pyridine  was  added  In  a  slow 
stre«am  ar«l  stirring  was  continued  for  one-half  hour  after 
addition  was  comp>l«te.  The  reaction  mixture  was  then  cooled 
In  an  ice-salt  bath,  filtered  and  the  orodu't  washed  with  ether 
and  dried.  The  yield  was  I83  g  (90.6j<)  of  bright  yellow  crye- 
talllne  solid,  m.  p.  256-258°  (dec). 

3, 3*-Dichloro-2,2*,4.4»,6.6«-hexanltroblphenyl  (DIPICL) 

One  hundred  eighteen  grams  of  the  dipyrldlnlum  salt  was 
aeded  to  236  ml  of  phosphoi'us  oxychloride  and  warmed  on  e 
steam  bath.  The  aalt  was  nearly  completely  diseolved  when  the 
temperature  reached  6o°  at  which  time  the  product  began  to 
precipitate.  After  heating  for  an  additional  half-hour  the 


•This  material  occaaionally  preclpitatea  In  a  very  fine  form 
and  paseee  quite  slowly  through  the  filter.  When  this  oeeurn 
the  filtration  le  quite  tedious  and  stay  be  shortened  apprecla 
I ly  by  allowing  the  material  to  settle  and  first  pasting  the 
supematent  liquor  through  the  sintered  glass  funnel. 
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reaction  mixture  was  cooled  to  below  40°  and  drowned  slowly, 
starting,  wlt-h  5*^0  ml  water  and  adding  the  reaction  mixture  and 
ice  at  a  late  3urfio;ieiit  to  Weep  the  drowning  iTiixtur?*  at  about 
(CAin'ION,  r.cc  discussion),  'rtien  drowning  was  complete  the 
volume  was  2000-2500  ml.  When  the  exotherm  had  ceased  the 
product  was  recovered  by  filtration  and  washed  with  2  liters  of 
cold  water.  Tt  then  suspended  in  500  m?.  of  methanol  and 
wanneQ  almOBi  to  the  boiling  point  with  stirring,  then  filtered 
and  dried.  The  yield  was  9^  g  (99‘5^),  m.  p.  275-2^7°  (dec). 

3, 5'-Diamino-2, 2',4,^ ',6,6»-hexanitrobiphenyl  (PIPAM) .- 

To  2200  mi  of  absolute  ethanol  saturated  with  dry  anmonla 
in  a  I'ive-llter  three-neck  flask  fitted  with  thermometer, 
stirrer  and  condenser  was  added  portlrnwlse  over  a  one-hour 
period  and  at  a  temperature  below  12°  226  g  of  DIPICL.  The 
DIPICL  dissolved  as  added  to  form  a  blood-red  solution.  Anhy¬ 
drous  ammonia  was  then  slowly  bubbled  in  for  an  additional  15 
minutes  after  which  time  the  solution  was  slowly  heated  to  the 
reflux.  At  about  30- : 5®  an  orange  solid  began  to  precipitate 
and  the  solution  lightened  in  color.  The  mixture  was  caused  to 
reflux  one-half  hour  after  which  time  about  500  ml  ethanol  was 
boiled  off,  carrying  with  it  the  last  of  the  excess  ammonia. 

The  reaction  mixture  was  cooled  to  10°,  filtered  and  the 
product  wis  wished  with  tff>  aqueous  hydrochloric  acid,  ethanol 
and  ether  and  dried  In  the  vacuum  oven  at  80°  (30  mm).  There 
was  obtained  197.5  e  of  an  orange-brown  powder,  m.  p. 

296°  (dec). 

For  purification  this  material  was  taken  up  In  7500  ml  hot 
acetone,  the  solution  iecolorized  with  charcoal  and  concentrated, 
addir^g  ‘»50C  inl  of  absolute  ethanol  during  the  course  of  the  con¬ 
centration.  Thei'e  was  obtained  as  a  first  crop  173.5  g  of  pure 
DIPAM,  m.  p.  29^.*°  (dec)  In  the  form  of  a  nicely  mlcrocrystalllne 
yellow  p'Twrter.  A  second  crop,  K.  m.  p  293°  (dec),  was 
again  recrj’stalllzed  to  yield  16.O  g,  m.  p.  298®  (dec).  The 
ylc'ld  of  pure  f Ti  AM  from  PIPICI.  w's 
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Ihiokol  Chemical  Corporation,  Reaction  Motors  Division 
Denvllle,  New  Jersey  (Contract  Nonr  3664(00)) 

Attn:  Dr.  P.  D.  Perry  .  1 
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